A standard "solution" offered to the deleterious effects of all-out price competition is for firms to engage in differentiation strategies. This solution, however, depends critically on the inability of rivals to imitate a successful differentiation strategy. With imitation, we show how "Red Queen" pricing effects can arise: All firms have an incentive to vertically differentiate and increase markups, yet imitation by rivals drives prices down toward pre-differentiation levels. Thus, the price premia arising from differentiation strategies in eretailing critically depend on the number of other firms that imitate the strategies. Based on data from Shopper.com, we find that an online firm that unilaterally differentiates itself from its rivals by participating in CNet's Certified Merchant program enjoys a 5 to 17 percent price premium. However, when other firms also follow this strategy, the price premium vanishes.
Introduction
Ellison and Ellison (2001) suggest that competition at price comparison sites and the resulting commoditization of the products being offered by E-retailers will likely give rise to prices being driven to marginal cost. Faced with such a stark competitive environment, the standard prescription of business strategy guides, such as Information Rules by Shapiro and Varian (1998) , is for E-retailers to look for opportunities to differentiate themselves from their rivals as much as possible and thereby avoid the commoditization of these markets and the resultant "Bertrand Trap." While this is sound advice, can differentiation, by itself, enable firms to avoid the commoditization of these markets? Harder still, even if a firm is successful, can it avoid imitation by other firms?
In answering these questions, it is important to note that the intermediary operating the price comparison site also has an incentive to facilitate differentiation. After all, if prices are driven to marginal cost, there is little incentive for consumers to use the site to search out the lowest price and hence, the value of the site is diminished with the commoditization of e-retail markets (see Morgan, 2001 and Scholten, 2003) . One way intermediaries on the Internet strive to facilitate differentiation among E-retailers is by creating mechanisms whereby firms can advertise their service levels. The primary focus of this paper is to study how differentiation through a particular intermediary sponsored mechanism, the CNet Certified Merchant Program, affected retail prices listed on the Internet price comparison site, Shopper.com, and how imitation affects the premium firms might otherwise charge through such differentiation strategies.
We show that firms' incentives to vertically differentiate create what we refer to as "Red Queen" pricing effects in E-retail markets: In many online environments, it takes all the vertical differentiation an E-retailer can do just to keep prices in the same place. That is, each firm has a sharp incentive to provide a higher level of service than rivals and charge the associated price premium, but, when rivals imitate, the resulting competition pushes prices back down to pre-differentiation levels. Analogous situations have been documented by van Valen (1973) in the context of evolutionary biology. For example, evolutionary selection favors trees that grow taller to enjoy more sunlight, but ultimately results in a forest with taller trees -all of which enjoy the same amount of sunlight. Thus, each tree has an incentive to "vertically differentiate" (i.e., grow taller), yet with imitation, no tree gains any advantage over its rivals.
In the next section, we identify a class of vertical differentiation games that exhibit Red Queen pricing effects. Roughly, our Proposition 1 shows that these effects arise in E-retail environments where relative service plays an important role in consumer choice. In this case, an E-retailer might attempt to increase its relative service quality through its efforts to build a reputation, by streamlining the ordering and shipping process, by providing additional customer service in the form of extensions of manufacturer warranties or generous return policies, and so on. The incentive to do so is clear: A firm unilaterally establishing such a position obtains a competitive advantage over its rivals-especially in fairly commoditized markets such as those on Shopper.com. However, other firms have similar incentives: When it is feasible for other firms to imitate and increase their own service qualities, it is optimal to do so. Of course, the situation where many firms provide similar service levels-that is, when multiple firms are CNet certified-leads to prices that are no higher than those prevailing in the absence of certification (although overall sales may be higher due to heightened consumer confidence in making online purchases). In short, the price competition among firms offering similar levels of service drives prices down toward initial levels, and the prediction is that no premium is associated with becoming CNet certified.
To examine the role of vertical differentiation and imitation on pricing -and in particular to test whether there is any evidence of Red Queen pricing effects in Eretail markets -we collected monthly data on a fixed set of 36 consumer electronics products sold at the price comparison site, Shopper.com, over the eighteen month period from 5 November 1999 through 5 May 2001. Since the pool of products in our sample differ in terms of both the nature and stage of their product life cycles, we obtain price variation that permits us to disentangle the impact of various strategies and market fundamentals on the pricing decisions of firms in online markets. Product and firm turnover give rise to an unbalanced panel of data consisting of 9,435 daily price observations. A wide variety of product types are tracked, including add-on hardware components, personal digital assistants, and software.
How valuable is this differentiation? In markets where many firms are CNet certified, we find no difference in the prices charged by certified merchants. The competition among firms with service qualities that are perceived to be equal tends to once again commoditize the market and eliminates the ability of firms to use that mechanism to gain a competitive advantage. On the other hand, when a firm is one of only a few firms that are certified merchants, the situation is dramatically different. A seller who is the only CNet certified merchant for a particular product typically is able to charge 5 percent higher prices than its rivals. When a CNet certified merchant competes against one or more other CNet certified merchants, the premium essentially vanishes. Thus, we find empirical evidence that this particular differentiation mechanism essentially induces Red Queen pricing effects.
Our study contributes to a growing literature that generally finds that vertical differentiation does not permit firms to charge substantial price premia. For instance, Baylis and Perloff (2002) find no evidence that firms offering "superior service" charge price premiums for two brands of digital cameras and flatbed scanners sold at CNet.com. More generally, Pan, Ratchford and Shankar (2003) find that third party certification of service quality has no impact on E-retail prices. While Smith and Brynjolfsson (2001) and Clay et al. (2002) offer some evidence that Ama-zon and other heavily branded book retailers charge price premiums of about $1.72 over generic sellers, the latter authors hint that even these small premiums may be "temporary."
1 Likewise, there is little evidence that more reputable sellers in online auctions sell products at higher prices than their less reputable rivals. 2 Our model of Red Queen pricing effects offers a theoretical rationale for these empirical findings.
Further, consistent with the view expressed in Clay, et al., Red Queen pricing effects predict that vertical differentiation can (and does) lead to transitory price premia in these markets, but these premia vanish with imitation by other firms. Indeed, this is the main finding to come out of our data.
One should not view our results as evidence that differentiation is never a sustainable strategy. It is well documented in the economics and marketing literatures that horizontal and vertical differentiation can -in the presence of sufficiently costly imitation-lead to a sustainable competitive advantage. 3 The point is that when imitation is not very costly and when relative service quality is important-as is the 1 The authors note on page 366: "The premium that Amazon was able to command relative Thus, a strategy for firm i consists of a price p i ∈ < + and a service level s i ≥ s 0 .
Let p −i and s −i denote the vectors of pricing and service levels selected by firms other than i, and let firm i's profits be denoted π i (p i , p −i , s i , s −i ) . We assume the profit functions are "well behaved" (that is, satisfy the usual continuity/concavity assumptions required for the existence of an interior Nash equilibrium), and that price and service are strategic complements (∂ 2 π i /∂p i ∂s i > 0).
In the sequel, we consider two environments. In the first, the service levels of all firms are set exogenously at the minimum level, s 0 , and firms simply compete in price.
Let p 0 denote a price charged by each firm in a symmetric Nash equilibrium in this environment. In the second, service levels are determined endogenously, and firms simultaneously compete in price and service. Let (p * , s * ) denote the price and service level chosen by each firm in a symmetric Nash equilibrium in this environment.
With this notation, we are in a position to formally define Red Queen pricing effects.
Definition 1 A market satisfying the following two conditions is said to exhibit Red Queen pricing effects:
(i) Suppose all firms other than i adopt price and service levels (p 0 , s 0 ). Then firm i can gain by unilaterally raising its price to p i > p 0 and its service level to s i > s 0 .
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(ii) Suppose all firms optimally adjust prices and service levels to symmetric Nash
Part (i) of the definition says that when rivals offer low service levels and price optimally, an innovating firm can gain by raising its service level and capture the resulting value created by charging a premium price. Part (ii) says that the strategic response of other firms leads to rational imitation. In equilibrium, all firms raise their service levels, but no firm can capture the resulting value created by charging a premium price. Our main proposition establishes sufficient conditions for Red Queen pricing effects to arise in online markets. Proof. First, notice that, given p −i , and s −i , firm i's optimal price and service level solve the first-order conditions:
To show that part (i) of Definition 1 holds, fix s i = s 0 for all i and suppose firms only set prices. When rival firms all price at p 0 , then
since p 0 is a symmetric equilibrium of the game where service levels are exogenously fixed at s 0 . Notice that if firm i increased its quality level then it would wish to raise its price, since
where the inequality follows from strict concavity and the fact that p i and s i are strategic complements.
Further, such a firm would wish to raise its service level. To see this, notice that
where the equality follows from the fact that ∂h
¢ /∂s i = 0 and the inequality follows from the fact that φ is strictly increasing in s i .
To show that part (ii) of Definition 1 holds, notice that, since the profit functions are symmetric, there exists a symmetric equilibrium where all firms choose identical pure strategies, (p * , s * ). Further, there exists a λ > 0 such that s * = λs 0 .
Since (p * , s * ) is part of a symmetric equilibrium, it follows that
Since φ is homogeneous of degree zero in s, it also follows that
Therefore, if p 0 is an equilibrium price when all firms have service level s 0 , it is also an equilibrium price charged by all firms in a symmetric Nash equilibrium where service levels are endogenously determined. This completes the proof.
To illustrate the role that relative service levels play in generating Red Queen pricing effects, consider the following extreme case where higher service levels merely shift market share from one firm to another. Specifically, consider a duopoly market where firms compete in a standard differentiated products Bertrand setting. Suppose the market demand for firm i is given by
selling the good, and the cost of providing service level s i is quadratic:
where τ > 0. Thus, firm i's profits are given by
Notice that we may rewrite this profit function in the form:
This profit function satisfies the conditions in Proposition 1; therefore, one may conclude that the market will exhibit Red Queen pricing effects. In this simple example, only relative service levels impact a firm's demand and this leads to a "prisoner's dilemma" situation for each firm. That is, each firm has an incentive to boost service in an attempt to gain market share, but the other firm does likewise, and, consequently, prices are driven down to the same level as when both firms offered only minimal service levels.
It is important to stress that, while the above example illustrates the polar case where service levels only have the effect of stealing market share from rivals, Proposition 1 shows that Red Queen pricing effects also arise in more general settings where service levels do have demand-enhancing effects. All that is required is that there be additive separability between market-share effects (denoted by the φ term in Proposition 1) and other effects, including demand-enhancing effects (which are contained in the h term in Proposition 1).
With an eye toward the analysis of the data in the sequel, it is also useful to note that Red Queen pricing effects identified here can also arise when the set of feasible service levels is discrete. To see this, suppose the payoffs are as in equation 
When both firms are CNet certified (i.e., s 1 = s 2 = s 1 ), then optimal pricing by each firm is
Since p 0 = p * , condition (ii) for Red Queen pricing effects is satisfied, and there is no price premium charged when both firms are CNet certified.
When firm j is not certified (s j = s 0 ), it is optimal for firm i to become certified -provided τ is sufficiently small; hence s i = s 1 > s 0 . In this case, optimal pricing by each firm is:
Notice that a firm that unilaterally obtains certification status can profitably raise its price to:
Thus, condition (i) for Red Queen pricing effects is also satisfied, and the single certified firm enjoys a higher markup.
In short, this example suggests that market environments such as those at Shopper.com are likely to exhibit Red Queen pricing effects. Controlling for other factors, a firm that unilaterally chooses to become CNet certified can charge a price premium
However, this premium vanishes if both firms opt to become CNet certified.
Data Description
Our analysis is based on monthly data on 36 of the best-selling consumer electronics Table 1 provides a summary of the products covered, and some summary statistics.
As indicated, the sample includes (at the time) popular software titles, PDAs, digital cameras, and other computer hardware components and peripherals. These products range in price from a daily average of $18.55 to over $700. Thus, a wide array of products is sampled that likely appeal to a large number of consumers with diverse demographic backgrounds. Notice that the number of sellers and the number of dates in which the products were sold varies across product markets. On the low end of the spectrum, the market for an upgrade version of Windows 98 is very thin: There is a single merchant in each of three months that this software was listed. In contrast, the market for a Nikon Coolpix 950 camera is thick. On average, there are about 50 merchants listing prices for this camera, and this product was listed on all 19 months in our sample. More generally, the average product in our sample sold for about $200, when a user clicks-through to a merchant's site from a Cnet site. Moreover, according to internal company research, Cnet's audience is six times more likely than the average Web user to purchase hardware items online.
was sold by about 16 firms, and was available on 15 of the 19 months we sampled.
Of the 36 products tracked, over two-thirds were sold by at least 10 merchants. We note that product life-cycle effects led to some products not being listed toward the end of our study. While all 36 of the products shown in Table 1 were available on 5 November 1999, by the end of our study only 10 of these products were listed for sale at Shopper.com.
During the period studied, consumers could access all of the information provided by Shopper.com at no charge. However, merchants had to pay to become a member of the Shopper.com merchant network. This entailed a one-time setup fee of $1,000, plus a monthly fee of $100 and sliding scale of click-through fees on the order of $.40
per click. In addition, we note that merchants input their own prices each day, and must also input detailed product information for each product, such as the product manufacturer name and exact SKU. This guarantees that products listed on a single page are physically identical. Merchants must also provide a URL link to the product page so that users can easily click through to the merchant's site and obtain further product information. While merchants are not required to disclose shipping cost and product availability data, merchants can optionally display this information. Finally, at the time of our study, Shopper.com required that the price input by firms represent the actual price charged on a credit-card purchase for a new product (not used or reconditioned), and these prices must be exclusive of any rebates.
During the period we study, the primary way merchants in the Shopper.com network could differentiate themselves was by participating in the "CNet Certified
Merchant" program. To be designated as a CNet Certified Merchant, a firm subjects itself to audits to guarantee that it provides accurate inventory and shipping cost information; provides CNet with a customer service policy and posts this information at its website; honors displayed prices; uses an encryption technology that securely processes online transactions; provides order confirmation within one business day;
provides professional packaging; and responds to any consumer correspondence within two business days. Table 2 provides summary statistics for certified merchants and non-certified merchants for each of the products in our sample. Columns 2 and 4 of Table 2 reveal that the majority of firms selling each product are, in fact, CNet certified merchants. Notice that, for 23 of 35 products, the average list price charged by certified merchants is greater than the average list price charged by non-certified merchants. These simple averages might lead one to conclude that certified merchants are able to charge a premium price relative to non-certified merchants. An unmatched two-sample t-test of mean list prices, however, reveals that the average list price of certified merchants is statistically greater, at the 5 percent level, for only 8 of the 36 products. Thus, despite merchants' best efforts to distinguish themselves by attaining certified merchants status, competition appears to commoditize the markets for many of the products in this sample. Certified merchants are able to charge premia on less than one-fourth of the products in this sample of popular products, and the average difference (aggregated across all products and dates) is less than 2 percent. Comparisons of mean prices -controlling for shipping costs, inventory, numbers of sellers, and Gomez reviewslead to qualitatively similar results. In short, without controls for Red Queen effects, there is little evidence for any systematic differences in prices charged by certified and non-certified merchants.
Econometric Analysis and Results
The results presented in Table 2 , which suggest that CNet certified firms are unable to charge price premia, fail to account for Red Queen pricing effects. As discussed above, a firm that vertically differentiates in CNet certification space is predicted to be able to charge a price premium when other firms are not similarly differentiated but this premium should evaporate when rival firms imitate.
To examine these predictions, we ran a series of OLS regressions. In all cases, the dependent variable is the natural logarithm of the price charged by firm i for product k at date t. In each case, we included a binary dummy variable for each product to control for unobservable product characteristics, and a binary dummy variable for each date to control for unobservable changes over the 19 month period in such variables as the number of consumers visiting the Shopper.com site. The results from these regressions are presented in Tables 3 and 4 .
In Table 3 , specification 1 includes three additional dummy variables. "Logo"
indicates whether the firm's name is presented in the form of a logo. Since large firms are more likely to use logos than small firms, this dummy variable provides a crude proxy for the impact of firm size on costs and, thus, prices. As would be expected, the estimated coefficient is negative and statistically significant at the 1 percent level. The estimated value of -.05 means that a firm displaying a logo, on average, charges prices that are 5 percent lower than firms than do not display a logo. This is consistent with logos being used by larger firms, which may enjoy lower costs.
The variable "Certified Merchant" is a dummy variable which takes on a value of 1 if the firm is CNet certified and 0 otherwise. Notice that the estimate of -.001 is not statistically significant. Thus, similar to the results summarized in Table 2 , CNet certification by itself does not appear to permit a firm to charge a price premium.
The final variable included in Specification 1, which is the heart of Red Queen pricing effects, is a dummy variable "One of 1 CNet Certified Merchants" which takes on a value of 1 if firm i is the only CNet certified merchant in the market and a value of zero otherwise. Notice this coefficient is positive and statistically significant at the 1 percent level. The estimated value of .124 means that a firm that is the only certified merchant selling the product charges a price premium of 12.4 percent, compared to when the firm is certified and there are other certified firms in the market.
Thus, the first specification indicates that if a firm unilaterally differentiates itself by becoming CNet certified, it can charge a substantial price premium -but if other firms do likewise, it cannot. This supports the hypothesis that the CNet certification environment at Shopper.com leads to Red Queen pricing effects.
Specification 2 generalizes specification 1 to include k dummy variables (k = 1, 2, ..., 9) that take on a value of 1 if firm i is "One of k Certified Merchants" selling the product, and zero otherwise. Again, Logo is negative and significant, while the pure effect of being a certified merchant does not have a statistically significant impact on price. Notice that this specification leads to qualitatively similar results, in that the premium enjoyed by a certified merchant ranges from 15.1 percent to 7.9 percent, depending on whether the firm is the only certified merchant or one of 4 certified merchants.
Specification 3 generalizes specification 2 by including firm-specific effects to control for heterogeneities across firms (such as reputational differences not captured in CNet certification as well as differences in costs). Not surprisingly, with these more general controls, Logo is no longer statistically significant, suggesting that it is a poor proxy for firm differences. The general pattern of the other coefficients is similar to the previous specifications; differentiation through certification leads to relatively large premia when only a few firms are certified, but virtually no price premium when multiple firms are certified.
Specification 4 generalizes specification 3 to include controls for market structure by incorporating dummy variables that control for different numbers of sellers regardless of certification status (up to a total of 9 firms). This more general specification suggests that differentiation through CNet certification leads to a price premium only when one or two firms use the strategy. In particular, when a firm is the only certi-fied merchant, it can charge a premium of 17.2 percent. This premium drops to 9.3 percent when two firms are certified, and is not statistically different from zero when three firms use the strategy.
On balance, the results in Table 3 suggest that a firm that unilaterally attempts to differentiate itself by becoming CNet certified can charge a substantial price premium.
In contrast, when several other firms imitate the strategy, each firm's ability to charge a premium is greatly diminished. One deficiency in these findings, however, is that the econometric results reported in Table 3 do not control for product-specific life-cycle and product-specific market-structure effects. As discussed earlier, product prices tend to fall during their life cycles, and not all products mature at the same rate. To the extent that products sold by non-certified merchants decline more rapidly than products sold by certified merchants, the previous results will tend to overstate the value of differentiation through CNet certification.
To mitigate these potential biases, we also controlled for product-specific life cycle and product-specific market structure effects by also running specifications that include interaction terms for product and date dummy variables. Effectively, this controls for product-specific life-cycle and product-specific market-structure effects by accounting for unobservable differences over time and across products in the level of competition, desirability of the product to consumers, and so on. These results are summarized in Table 4 .
Notice that in all of the specifications reported in Table 4 , the extra controls dramatically reduce the estimated price premium enjoyed by a firm that unilaterally adopts the CNet differentiation strategy. For example, in specification 1 we see that after controlling for product-specific life cycle and product-specific market structure effects, the estimated price premium enjoyed by a firm that unilaterally adopts a CNet certification strategy is .054. Thus, instead of the 12.4 percent premium reported in Table 3 , the premium drops to 5.4 percent. Notice that the "One of 1 Certified
Merchant" estimates in Table 4 are much less sensitive to the inclusion of controls for different numbers of certified merchants (specification 2) or controls for firm-specific effects (specification 3) than those reported in Table 3 . In all cases in Table 4 , a firm that unilaterally adopts a CNet certification strategy charges a premium of about 5 percent, and this premium statistically vanishes when additional firms adopt the strategy.
Finally, we note that all of the specifications summarized in Tables 3 and 4 explain over 98 percent of the variation in individual firm prices. While dummies to account for unobservable firm heterogeneity and product life-cycle effects together explain less than 1 percent of the variation in prices, the inclusion of the latter reduce the estimated premium enjoyed by a firm that unilaterally differentiates itself from 15 percent to about 5 percent.
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Our major findings are two-fold. First, regardless of the specification, differentiation in CNet certification space is significantly more valuable when a single firm does so than when multiple firms use the strategy; there appear to be "Red Queen" pricing effects in these data. Second, while our findings are qualitatively the same with and without controls for product-specific life-cycle and product-specific market-structure effects, the estimates from the two approaches are quantitatively different. Controlling for these effects reduces estimates of the price premium stemming from the unilateral use of online differentiation strategies from 15 percent to about 5 percent.
Expressed differently, our results indicate that firms competing in highly competitive online markets can mitigate the deleterious effects of price competition by engaging in vertical differentiation strategies, but the ultimate value of such strategies crucially depends on the number of rival firms that ultimately employ similar strategies. Controlling for product-specific life-cycle and product-specific market-structure effects, our data suggests that a firm that unilaterally differentiates itself from its rivals by participating in CNet's Certified Merchants program can charge a 5 percent price premium. However, when other firms imitate this strategy, the price premium vanishes. More generally, our results indicate that in examining the efficacy of differentiation and reputation-enhancing strategies in online markets, it is important to control not only for the number of firms using similar strategies but also for product life cycle and market structure effects. Robust t-statistics in parentheses * significant at 10% level; ** significant at 5% level; *** significant at 1% level 
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